Effects of external stimuli on circadian rhythms can be evaluated in two ways. First, a continuously operating stimulus may affect the period and other parameters of endogenous, free-running rhythms, and, second, a periodically operating stimulus may act as a zeitgeber to synchronize the endogenous rhythm. In human circadian rhythms, it has been shown that these two aspects of the stimulus are always combined ; no stimulus is known that exerts an influence on only one of the two modes (Wever, 1979a) .
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In the following review, responses of human free-running rhythms to external stimuli, continuous and periodic, are described. As light is the primary stimulus, much of the review is devoted to the effects of light. Since the hormone melatonin is often assumed to be involved in the generation and control of circadian rhythmicity, changes in melatonin secretion are discussed. Finally, preliminary results from experiments with administration of melatonin to humans are presented.
AUTONOMOUS RHYTHMS

INTERNAL SYNCHRONIZATION AND DESYNCHRONIZATION
When human circadian rhythms are allowed to free-run under constant conditions, light (and other effective stimuli) affect not only the parameters of an individual rhythm, but also the coupling among different rhythms within the multioscillator system, and hence the internal state of the circadian system (Wever, 1975a) . A continuum may be seen from internal synchronization (with equal periods in all overt rhythms) via internal dissociation (with different periods in different rhythms occurring temporarily) to internal desynchronization (with different periods in different rhythms in the steady state), depending on the strength of mutual coupling between the different overt rhythms. The distinction between the two extreme states, internal synchronization and desynchronization, is therefore rather arbitrary. In this review, the state of &dquo;internal desynchronization&dquo; is defined by the occurrence of clearly different dominant periods in the analyses of different free-running rhythms, primarily in the rhythms of body temperature and the sleep-wake cycle (where, routinely, every sleep is considered to be equivalent, independent of its categorization by the subject as a night sleep or a nap; Wever, 1979a) . Internal desynchronization may occur also in the presence of a zeitgeber, when only some of the overt rhythms are externally synchronized while others free-run (&dquo;partial synchronization&dquo;).
In the majority of experiments in which internal desynchronization occurs, the mutual interaction leads to a modulation of the parameters of one rhythm by the other. One is more likely to find subjects asleep around their temperature minimum than around their maximum. Wake or sleep episodes that occur around the temperature maximum are significantly shorter than episodes around the minimum (for trivial geometric reasons, these symmetric relations will become asymmetric when related not to the midpoints, but to the onsets or ends of the episodes). Furthermore, it is more likely that a wake episode will start during the ascending phase and that a sleep episode will start during the descending phase of the temperature cycle than in other phases (Zulley, 1979; Czeisler et al., 1980; Zulley et al., 1981) . Conversely, the actual amplitude of a temperature cycle is large when the two rhythms show the &dquo;right&dquo; phase relationship, and it is small when the two rhythms show the &dquo;wrong&dquo; phase relationship (&dquo;wrong&dquo; here means that the temperature minimum occurs during waking and the temperature maximum occurs during the sleep episode); and the phase of the temperature rhythm is slightly modulated by the sleep-wake rhythm.
In about 8 of the present total of 50 experiments showing spontaneous internal desynchronization, the mutual interaction is negligibly small, and none of the relationships mentioned in the preceding paragraph are recognizable. Both rhythms seem to run independently of each other without showing any mutual modulation. Rather, each of the rhythms shows the same negative serial correlations between successive sleep-wake cycles as established in internally synchronized rhythms (Wever, 1984) , indicating separate oscillatory (or pacemaker-based) origins, not only of the rhythm of body temperature but also of that of the sleep-wake cycle.
The opposite borderline case of internal desynchronization showing very strong interactions (occurring in about 10 experiments) is characterized by several successive sleep-wake cycles that are only slightly longer than the temperature cycles, but are interspersed at more or less regular intervals with solitary, very long sleep-wake cycles. Borderline cases of this type have been shown to occur more frequently in subjects under behavioral stress (Wever, 1988) . It is in these cases that one has to decide arbitrarily whether sleep episodes subjectively scored as naps should be considered real sleep episodes, or whether during the very long wake episodes, sleep episodes (or wrongly scored naps) have been skipped for some unknown reason. Under such arbitrary assumptions (which are contrary to the subjective perception by the subjects), in fact, these borderline cases may be considered as internal synchronization instead of desynchronization. Borderline cases of this type (which originally were designated specifically as &dquo;borderline cases&dquo;) have been used recently to question the existence of the state of internal desynchronization (Eastman, 1984; Zulley and Campbell, 1985; Mrosovsky, 1986 ). On these borderline cases, in fact, there is full agreement. The criticism, however, does not apply to the majority of cases of internal desynchronization, and in particular does not affect the interpretation of the opposite borderline cases, which show negligible interaction (Wever, 1988 
FREE-R UNNING RHYTHMS
Human circadian rhythms are remarkably resistant to stimuli of any modality. Heavy physical workloads have no influence on free-running rhythms (Wever, 1979b) . Nutrition is also without any effect. Many subjects request different diets in our experiments, but no systematic relationship between diet and circadian rhythms has ever been found. Several subjects have even asked to be allowed to fast. In the latter cases, we instructed them to eat normally during half of the experiment, so that data from approximately 2 weeks with normal nutrition and 2 weeks with total starvation could be compared in individual experiments; no differences in circadian rhythms were found, either under zeitgeber conditions or under constant normal or bright illumination (this lack of effect of voluntary starvation should not be confused with effects of forced food deprivation in animals). Instructions to the subjects were also without influence. At the beginning of the experiments in 1964, we recommended that the subjects not nap, in order to avoid possible interference with their main sleep. Since it turned out that some subjects had difficulty in avoiding napping, and since naps (when subsequently permitted in such cases) did not alter the rhythms, instructions were changed in most experiments from 1976 onward, so that subjects were free to nap at any time. This change in instructions did not result in any effect on free-running rhythms. Similarly, the frequency and type of meals had no influence.
On the other hand, several nonphotic stimuli influence free-running rhythms in humans. The most important stimulus is social contact. In several experiments, subjects were collectively isolated in groups of two (12 &dquo;twin&dquo; experiments) or four subjects (2 experiments). Social deprivation was certainly minimized when compared to &dquo;single-subject&dquo; experiments. As a result, under otherwise identical constant conditions, the period was significantly longer (by 0.29 ± 0.37 hr; p < 0.02) in the twin than in the single experiments, and the tendency to internal desynchronization was greater (Wever, 1975b) . Another effective stimulus is a low-frequency, low-intensity electric square-wave field (10 Hz, 2.5 V/m), which shortened the period (on average, by 1.21 ± 0.81 hr; p < 0.001) relative to field-free conditions, and also systematically altered other rhythm parameters (Wever, 1968 (Wever, , 1985c .
-Numerous experiments have been performed to test the influence of the intensity of illumination on parameters of free-running rhythms. During the first 15 years of the current experimental series, the results were rather surprising. From constant total darkness (i.e., it was impossible for the subjects to see anything for 10-14 days; even control lamps in electronic devices were removed) up to the highest intensity attainable at that time (1500 lux), light intensity had, at least on average, no influence on any parameter. Likewise, the tendency toward spontaneous occurrence of internal desynchronization was independent of light intensity (Wever, 1969 (Wever, , 1973 . In fact, in a few experiments the free-running period changed when light intensity was altered, but not systematically. Other evidence for a residual influence of light originated from another type of experiment: When the light was not continuously in operation but self-controlled by the subjects (i.e., the subjects switched off the light when going to bed and switched it on when getting up), the period of free-running rhythms was significantly lengthened (on the average, by 0.33 ± 0.50 hr; p < 0.005). Furthermore, the interindividual standard deviation of the periods was significantly increased, as was the tendency toward spontaneous occurrence of internal desynchronization. After a comparison of the results obtained under self-control with those obtained under experimentally controlled constant illumination, it was hypothesized that two opposite effects of light compensate each other on average (but not necessarily in every subject). The first effect is a continuous action of light that shortens the free-running period with increasing light intensity (' 'Aschoff's rule&dquo;); the second effect is that of subjective self-control, which lengthens the period with increasing light intensity, due to eye opening during wakefulness and closing during rest (Wever, 1969 (Wever, , 1973 .
The picture changed dramatically after technical modifications in one isolation unit, made several years ago, which allowed us to increase the intensity of illumination above the threshold needed to suppress melatonin secretion (about 2500 lux) (Lewy et al., 1980) . Under constant illumination of 3000 lux (approximately 4000 lux in the desk area where the subjects usually worked, and approximately 2000 lux in the rear comers of the room; i.e., the light exceeded the intensity of any common artificial illumination), the period was consistently longer and the tendency toward internal desynchronization was consistently greater than under &dquo;normal&dquo; artificial illumination (up to 1500 lux) or total darkness (Wever, 1986) . This influence of relatively high light intensities on free-running circadian rhythms in humans corresponds with the effects of light on most animal circadian rhythms. Figure 1 shows a comparison between the results of two long-term experiments, both performed under identical constant bright illumination; the upper diagrams exemplify internally synchronized rhythms, and the lower diagrams exemplify internally desynchronized rhythms. During internal synchronization, all measured rhythms show a strongly marked joint period of 26.1 hr (left-hand side). This period is unusually long because of the exposure to bright light. The educed cycles (righthand side) show clear-cut rhythms in various physiological variables. This is true even for the urinary secretion of melatonin (measured as aMT6s), although a suppression of the melatonin secretion would have been expected from the exposure to bright light (Lewy et al., 1980) . However, melatonin was excreted only during the sleep episodes when the subjects slept with the eyes closed, and not during waking During internal desynchronization (lower diagrams of Fig. 1 ), periodogram analyses reveal smaller peaks. The dominant period of the sleep-wake rhythm (31.5 hr) is clearly longer than the dominant period of all physiological rhythms (25.0 hr). The educed cycles were computed throughout on the basis of a 25.0-hr period. The educed sleep-wake cycle does not show a reliable rhythm because a 25.0-hr period is only marginally present in the time series. The educed cycles of the physiological variables, on the other hand, demonstrate sufficiently reliable rhythms. In internal desynchronization, it is possible to compute the educed cycles not only by using all data from the time series, but also by using data obtained only during the wake and sleep episodes, respectively. Due to the difference between the educed period and the sleep-wake period, closed educed &dquo;wake cycles&dquo; and &dquo;sleep cycles&dquo; can be computed (see Fig. 1 , lower right). For most variables (e.g., body temperature, urinary cortisol, urinary electrolytes), the educed &dquo;wake cycle&dquo; is consistently higher and slightly phase-delayed relative to the &dquo;sleep cycle&dquo;; the difference between the two cycles constitutes the common &dquo;masking effect&dquo; (Wever, 1985a) . Only for urinary melatonin does the educed &dquo;wake cycle&dquo; run, on average, below the &dquo;sleep cycle,&dquo; thereby indicating a suppression of melatonin during waking (due to open eyes under bright illumination). It is clear that melatonin suppression is incomplete and phase-dependent. On average, melatonin secretion during waking is still 58% of the value during sleep. Furthermore, mainly during the descending phase, melatonin secretion is not suppressed by bright light (or only by light of considerably higher intensity). A few hours after passing the common maximum of melatonin secretion around the temperature minimum, the &dquo;wake values&dquo; increase again until they reach the values of the &dquo;sleep curve&dquo;; this secondary melatonin maximum in the &dquo;wake curve&dquo; but not in the &dquo;sleep curve&dquo; indicates a suspension of the melatonin suppression by bright light. The melatonin secretion in the different episodes during internal desynchronization under bright light should be compared to that of a subsequent stage of this experiment when the subject was exposed to constant illumination of 300 lux (i.e., below the threshold for melatonin suppression). During this stage the rhythms were internally synchronized, and the melatonin secretion was similar, in amount and wave shape, to that found during the sleep episodes in the stage with bright light and internally desynchronized rhythms (Wever, 1986) . Hence, this comparison gives further evidence that the &dquo;sleep melatonin curve&dquo; of the first experimental stage (measured under bright light with closed eyes) reflects the melatonin secretion without suppression by bright light.
HETERONOMOUS RHYTHMS
ENTRAINMENT BY NORMAL ARTIFICIAL ILLUMINATION CONSTANT ZEITGEBER PERIOD In many of the earlier experiments, artificial zeitgebers were introduced with constant periods for 10-30 days each. If such a zeitgeber consisted of a light-dark alternation, with the option for the subjects to switch on small auxiliary lamps during the dark phase (&dquo;relative light-dark&dquo;; even under natural conditions, at sunset it is not compulsory to go to bed, but rather a time to switch on artificial lights), it was virtually ineffective; none of 8 subjects exposed to this zeitgeber became synchronized, even to 24 hr. However, the presence of weak &dquo;relative coordination&dquo; (i.e., slight changes in the period as the free-running rhythm crosses the light and dark phases of the zeitgeber) indicated a residual zeitgeber effectiveness (Wever, 1970 (Wever, , 1974 . A residual zeitgeber effectiveness of light was obvious also in the three sub-jects who showed a spontaneous occurrence of internal desynchronization (on the average, after 10 days), with clearly free-running sleep-wake rhythms (with periods between 32 and 37 hr), but rhythms of body temperature that were unambiguously synchronized to the 24-hr light-dark zeitgeber (Wever, 1981) .
If the relative light-dark alternation was supplemented by regular acoustic signals requesting the subjects to micturate and carry out several performance tests (seven signals per zeitgeber cycle of 24 hr, administered in 3-hr intervals during the light phase and 4.5-hr intervals during the dark phase), the zeitgeber became effective ; human rhythms became synchronized to zeitgeber periods between about 23 and 27 hr. Within this range of entrainment, the external (between rhythms and zeitgeber) and internal (between different rhythms) phase relationships altered systematically with zeitgeber period; outside the range of entrainment, most rhythms free-ran, and the majority were internally synchronized. In only a few subjects, with a zeitgeber period of 22 hr, 40 min, the rhythms of body temperature free-ran while the sleep-wake rhythms continued to be synchronized (Wever, 1974) . The additional signals that were obviously responsible for the increase in the zeitgeber strength had been perceived by the subjects as direct social contacts with the experimenter. Consequently, social contact seems to constitute a relevant zeitgeber in human isolation experiments.
If the option of switching on auxiliary lamps during the dark phase was abolished, the resulting &dquo;absolute light-dark&dquo; zeitgeber also became strengthened, at least with respect to the sleep-wake rhythm. In absolute light-dark, the presence or absence of additional acoustic signals did not influence the zeitgeber effectiveness (but, as discussed below, was relevant in other respects). Under the influence of this zeitgeber, the sleep-wake rhythms of all subjects remained synchronized over the entire range of periods tested so far (between 15 and 48 hr). In contrast, the rhythms of body temperature and other physiological variables were synchronized only in the range between about 23 and 27 hr (i.e., within the same range of entrainment as found with the combined relative light-dark zeitgeber; see above). Consequently, there are large ranges of periods (T < 23 hr and T > 27 hr) within which internal desynchronization occurs. This occurrence, however, is not spontaneous and unpredictable as it is under constant conditions. It also does not occur only in predisposed subjects (i.e., in older subjects, and in subjects with higher scores of neuroticism). Rather, when forced by adequate experimental conditions, internal desynchronization occurs in a predictable way in all subjects, independent of their personality data (Wever, 1974) .
Within the ranges of &dquo;partial synchronization&dquo; under absolute light-dark cycles (i.e., within the range of entrainment of one rhythm and outside that of another), free-running rhythms of physiological and psychological variables can be evaluated. Due to the presence of the zeitgeber with the absolute light-dark alternation, the acoustic signals requesting the subjects to do performance tests can be given without affecting the zeitgeber (including the &dquo;night gong&dquo; awakening the subjects from sleep). Consequently, not only physiological but also psychological data are available during both wake and sleep episodes (under constant conditions, parameters of the rhythms of psychological variables cannot be evaluated properly, because of the consistent sleep gaps in the data; Wever, 1982) . Separate evaluations of circadian variations in and masking effects on psychomotor performance are of great practical interest-for instance, with regard to shift work and jet lag.
STEADILY VARYING ZEITGEBER PERIOD
In order to specify the strengths of the different components of the zeitgeber quantitatively, a special experimental design was introduced. This involved applying a zeitgeber with a systematically and slowly changing period (&dquo;fractional desynchronization&dquo;; Wever, 1983a) . Such a protocol enables one to determine precise entrainment limits. Since the range of entrainment depends unambiguously on the ratio between the strength of the zeitgeber and the oscillatory strength of the generating pacemaker, the results of these experiments also enable one to determine relative zeitgeber strengths.
In the first series of experiments using fractional desynchronization, subjects were exposed to an absolute light-dark zeitgeber (300:0.1 lux, without additional reading lamps), with additional acoustic signals to obtain parameters of psychological rhythms. Every experiment started with a cycle length between 24 and 26 hr, and every succeeding cycle was consistently 5 or 10 min shorter or longer than the preceding cycle. Twenty-three experiments of this type resulted in a range of entrainment for the body temperature rhythm of ±2.34 hr (SD = 0.17 hr), positioned symmetrically around the free-running period of 24.67 hr (SD = 0.24 hr) (i.e., of 2.34 hr to either side of the free-running period). The width of the range of entrainment was correlated with the free-running period (r = 0.941 ; p < 10-6); the longer the intrinsic temperature period, the broader the range of entrainment (on average, a 1.2-hr increase per 1 hr of lengthening) (Wever, 1983a) .
Due to the experimental protocol, the sleep-wake cycle was synchronized in all subjects during the entire experiment. Rhythms of other physiological and psychological variables showed common entrainment limits, which deviated slightly from each other and from the temperature rhythm. This means that within certain ranges the rhythms of different variables ran with differing periods (i.e., one rhythm was still synchronized while the other rhythm had started free-running), until they eventually accepted the same free-running period (Wever, 1983a) . Within the ranges mentioned, the phases of the different rhythms shifted against each other frequently to such extents that their interpretation as transitory internal phase shifts can be excluded and, in fact, different rhythm states must be assumed (i.e., internal desynchronization between the rhythms under consideration). This was particularly obvious in subsequent experiments with shortening the zeitgeber period, where the changing rate was not constant but reduced from 0.2 to 0.1 hr/cycle within the expected range (from 23.0 to 22.0 hr), to enlarge the number of days during which the rhythms of different variables accepted different periods; eventually the zeitgeber period was held constant (at 22.0 hr) until the end of the experiment . Differences in the ranges of entrainment, therefore, indicate functional independence between the different variables. This proof of independence was derived for several rhythms-for example, between the urinary excretions of sodium and potassium, between urinary cortisol and body temperature, between body temperature and computation speed (Wever, 1983a) , and between performances of different complexities (Folkard et al., 1983) . In the last case, the rhythm of highly memoryloaded tasks could be separated clearly from both rhythms, those of the sleep-wake cycle and body temperature.
MELATONIN AS A MARKER FOR CIRCADIAN RHYTHMICITY
Among the different variables measured in these experiments, the urinary melatonin (measured as aMT6s) deserves special attention (Arendt et al., 1985) . In contrast to nearly all physiological and psychological variables, it does not usually show a masking effect (see below for an exception). This means that, in the course of internal desynchronization after the separation of the melatonin rhythm from the sleep-wake rhythm, the urinary melatonin secretion is independent of whether it occurs during a sleep episode (as common under natural conditions) or during a wake episode. In contrast, body temperature, urinary cortisol, and many more variables show higher values during waking than sleep when corresponding circadian phases are compared (cf. Fig. 1 , lower right-hand diagram). Consequently, melatonin is a particularly suitable marker for tracking circadian rhythmicity (Wever, 1986) . In the experiments with fractional desynchronization, this means that melatonin gives the most unambiguous indication of a breakoff of the physiological rhythms from the zeitgeber.
Figure 2 presents urinary cortisol data (left) and melatonin data (right) from a zeitgeber-lengthening study. Sleep-wake rhythms ran in synchrony with the zeitgeber during the entire experiment. The melatonin secretion was clearly synchronized until day 12 (i.e., up to a zeitgeber period of 27 hr, 10 min). It then started to free-run with a period of 24.9 hr (i.e., shorter than the zeitgeber period). Cortisol secretion basically showed a similar picture; however, the free-run during the second part of the experiment needed a sophisticated computer analysis to determine this clearly. In addition, there remained a &dquo;masking component&dquo;-a rise in cortisol positioned shortly after activity onset (Wever, 1986) . Figure 2 shows another general result with regard to melatonin: Melatonin secretion dropped from its normal value at the beginning of the experiment down to about one-third, as long as the rhythm remained in synchrony with the zeitgeber, but went back up to its original value immediately when the rhythm started to free-run (day 13). This temporary suppression of the melatonin secretion was not due to the melatonin peak's being pushed to earlier phases, and hence, into the light phase, by the lengthening zeitgeber, because (1) the light intensity was far below the threshold for melatonin suppression, and (2) melatonin was not suppressed when it came into the light phase in the course of the subsequent free-run (e.g., during days 17 to 21). Rather, melatonin secretion was suppressed by its synchronization to a zeitgeber operating close to the entrainment limit (to approximately the same extent that bright light suppresses; cf. Fig. 1 ), independent of the zeitgeber modality. This result has been confirmed in other experiments and with other zeitgeber modalities (cf. Fig. 5, below) .
PECULIARITIES IN AN ELDERLY SUBJECT
The experiments discussed so far were performed mostly with young subjects. It is of interest to test aged subjects for two reasons. First, the external zeitgeber used so far, which is predominantly based on social contacts, should affect old subjects considerably less than young subjects (Wever, 1975c) , and, second, the masking effect should be considerably stronger in old than in young subjects (Wever, 1985a) . Therefore, conclusions concerning the influence of zeitgeber strength and masking effects, as drawn from the experiments discussed so far, should be tested in experiments with aged subjects.
We had the opportunity to test an 81-year-old woman in an experiment with fractional desynchronization by lengthening the zeitgeber period. The results differed from those in all similar experiments with younger subjects: All physiological rhythms free-ran during the entire experiment (with zeitgeber periods lengthening from 26 hr to 29 hr, 40 min), while the sleep-wake rhythm remained synchronized. Furthermore, the masking effect was so strong that it reflected the seven acoustic signals per cycle not only in the pattern of locomotor activity (as in most experiments), but also in the pattern of body temperature. As a unique case, this subject also showed a masking effect in urinary melatonin, with higher values during waking than sleep (due to her age, the melatonin production of this subject was only about half the production of the younger subjects). Hence, this subject showed a very regular modulation in melatonin secretion per cycle, with a reliable modulation period of 7 days. The somewhat paradoxical consequence of this was that she excreted twice as much melatonin (i.e., 8.3 ~g/cycle aMT6s) when the secretion peak fell into a light phase (and hence a wake episode) than when it fell into a dark phase (and hence a sleep episode) (4.1 J.Lg/cycle aMT6s). Since the melatonin peak always occurred around the temperature minimum, both variables showed modulations in their amplitudes in opposite directions. On days when the temperature amplitude was large (because the temperature maximum occurred in a wake episode), the melatonin secretion was low, and when the temperature amplitude was small (because the temperature maximum occurred in a sleep episode), the melatonin secretion was high. Interestingly, during the 31 calendar days of the experiment, the subject perceived only 27 days, while her physiological rhythms showed 30 cycles).
ENTRAINMENT B Y INFORMATION
The results of the experiments under absolute light-dark zeitgebers could be considered good evidence for the effectiveness of light-dark zeitgebers in humans, equivalent to that found in nearly all animal species (Czeisler et al., 1981) . However, such a conclusion fails to take into account the possibility of two different effects of light in humans: (1) a direct physiological effect (the traditional interpretation of the experiments outlined above), and (2) an indirect behavioral (cognitive) effect (i.e., the transition to total darkness, with the knowledge that it will become light again after a few hours, acts as a stimulus to go to bed, while the transition to light gives subjects the chance to start their activities). Only the results from experiments in which these two effects have been separated can enable one to decide to what extent the two effects contribute to the overall effectiveness of the zeitgeber. Such a separation is possible in experiments in which the intensity of illumination is held constant (at 300 lux) and acoustic signals (&dquo;go to bed&dquo; and &dquo;get up&dquo;) are presented.
In one preliminary experiment of 4 weeks' duration, a subject received the two signals each cycle while exposed continuously to constant total darkness (cf. &dquo;Effects of Light on Free-Running Rhythms,&dquo; above), to exclude possible effects of the subject's exerting self-control of light by opening and closing his eyes. In two further experiments, seven acoustic signals requesting micturition and psychological testing were presented under constant light (300 lux).
The effect of pure information as a zeitgeber is shown in Figure 3 , which compares the outcome of two experiments following the same temporal protocol (fractional desynchronization by shortening) but utilizing different zeitgeber modalities. In the left-hand diagram the zeitgeber consisted of an absolute light-dark alternation (300:0.1 lux) and seven acoustic signals per cycle, and in the right-hand diagram the zeitgeber consisted only of two acoustically transmitted signals per cycle (&dquo;go to bed&dquo; and &dquo;get up&dquo;) under constant illumination (300 lux). In both experiments the rhythms took the same course: The sleep-wake rhythms ran in synchrony with the zeitgeber during the entire experiment, while the rhythms of body temperature were synchronized only down to periods of approximately 22.7 hr and then free-ran. This FIGURE 3. Results from two subjects under the influence of artificial zeitgebers with identical temporal protocols (steadily shortening periods, as indicated at the right-hand border) but different modalities. Left: absolute light-dark (LD; 300:0.1 lux) and seven regular acoustic signals per cycle requesting micturition and performance tests; right: two acoustically transmitted requests per cycle (&dquo;go to bed&dquo; and &dquo;get up&dquo;) under constant illumination (LL; 300 lux). The temporal courses of the rhythms of sleep-wake cycles (black bars, wake; white bars, sleep) and body temperature (triangles, temporal positions of the extreme values; open triangles, temporally correct repetitions of black triangles) are shown as functions of local time (abscissa). Successive cycles are plotted underneath each other. result indicates that the zeitgebers in both experiments had the same strength. Lengthening studies showed corresponding results: The upper entrainment limit of the rhythm of body temperature was always close to 27 hr, as it was with the absolute light-dark zeitgeber. The same result was also obtained in the constant-darkness experiment and the two constant-light experiments with the seven acoustic requests.
In summary, one can state that the range of entrainment obtained in the experiments with the pure &dquo;information zeitgeber&dquo; could not be differentiated from that in the experiments with absolute light-dark. For the rhythm of body temperature this range was ±2.19 hr (SD = 0.27 hr) (Wever, 1983b) , which means that the full strength of the zeitgeber combining direct and indirect effects of light was contained in the information derived from the indirect effect when given alone. The results of these experiments, therefore, show that for the low intensities of illumination presently discussed, a direct physiological effect of the light-dark alternation on human circadian rhythms can be dismissed. This conclusion is in agreement with the finding discussed above-that all parameters of free-running rhythms are, on average, independent of the intensity of constant illumination, from constant total darkness up to a continuous illumination of 1500 lux. In conclusion, light in the commonly used intensity range of artificial illumination has only marginal influence on human circadian rhythms, and this is not relevant to natural conditions.
ENTRAINMENT B Y BRIGHT LIGHT THE &dquo;BRIGHT-LIGHT&dquo; ZEITGEBER
It has already been shown that the intensity of constant illumination starts to influence the parameters of free-running rhythms when it exceeds a threshold of about 2500 lux. Consequently, another experimental series was conducted; the temporal protocol of fractional desynchronization was again applied, but with an intensity of illumination during the light phase of 3000 lux (instead of 300 lux as in the zeitgeber experiments discussed so far). In fact, with the &dquo;bright-light&dquo; zeitgeber, the picture changed completely . In the initial experiments, not only the sleep-wake rhythms remained synchronized to the zeitgeber during the entire experiment (i.e., down to about 20 hr and up to about 29 hr), but also the rhythms of body temperature and most other physiological variables remained in synchrony. This means that under the bright-light zeitgeber the range of entrainment was considerably extended; in other words, the zeitgeber was considerably strengthened (Polasek, 1986) .
In several subsequent experiments, the change in zeitgeber cycle length was increased to 15 min/cycle, in order to cover a larger range of periods within a reasonable span of time. In a few of these experiments, entrainment limits of the temperature rhythm were found at about 19 and 31 hr, so that ranges of entrainment of about ±6 hr resulted (the small number of experiments showing clear entrainment limits did not allow us to give means and standard deviations). Since there are no indications that the indirect behavioral component of the light-dark alternation (requesting the subjects to sleep and wake) was stronger with the bright-light than with the normal-light zeitgeber, the difference can only be due to a substantial direct light effect in the bright-light zeitgeber that is absent in the normal-light zeitgeber. Later experiments by other researchers have also suggested a phase-shifting ability of bright light (Lewy et al., 1985; Czeisler et al., 1986; Eastman, 1987; Honma et al., 1987a) .
SEPARATION OF A DIRECT EFFECT OF LIGHT
It remains to be demonstrated that there is a direct physiological effect of light on human circadian rhythms, without participation of an indirect behavioral component. As a test of this, a zeitgeber with a ratio of light intensities during light and dark phases of only 10:1 was used. Under such a zeitgeber, the illumination was bright enough during the dark phase to allow subjects to perform all activities, including reading. Such a light-dark alternation, therefore, did not force the subjects to change their activity states (as the alternation between light and total darkness would). These experiments corresponded with the previously discussed experiments with a relative light-dark zeitgeber, and were performed with intensities of 300:30 lux (eight subjects) and 3000:300 lux (eight subjects) (in all cases, without additional acoustic signals). This means that the experiments were performed in the first case with intensities in both light and darkness that remained below the threshold of effectiveness, and in the second case with intensities alternating between values above (in light) and below this threshold (in darkness). The temporal protocol of the experiments was again that of fractional desynchronization, with shortening (eight subjects) and lengthening of the zeitgeber period (eight subjects).
As a general result, under the lower illumination, the rhythms of all subjects free-ran during the entire experiment; in two experiments (both with shortening protocol), spontaneous internal desynchronization occurred, with different freerunning periods between physiological and sleep-wake rhythms. In contrast, the experiments with higher illumination intensities showed a substantial zeitgeber effectiveness. The rhythms of all eight subjects in this condition were synchronized to the zeitgeber for considerable parts of the experiments (i.e., down to zeitgeber periods of approximately 20.5 hr and up to approximately 29 hr). During the last stages of every experiment, all rhythms free-ran in internal synchrony. The desynchronization of sleep-wake rhythms from the zeitgeber confirmed the absence of a behavioral component of the zeitgeber. The zeitgeber effectiveness, therefore, can be attributed exclusively to a direct physiological influence of light.
As an example, Figure 4 compares two experiments of this type, both with a lengthening protocol (on the left with the lower and on the right with the higher intensities of illumination). The left diagram shows a clear free-run of the rhythms of the sleep-wake cycle and body temperature. Only on day 12 is a small zeitgeber effect recognizable. This single deviation from a straight course is not present in the melatonin excretion (compare Fig. 4 with Fig. 5, below) . Hence, the temporary delay in the onset of wake on day 12 is likely to be due to masking by the (ineffective) zeitgeber. The right diagram shows clear synchronization to the zeitgeber up to day 27, or a zeitgeber period of 28 hr, 50 min. During the last week of the experiment, the rhythms free-ran with internal synchronization. Periodogram analyses in four equi-FIGURE 4. Results from two subjects under the influence of artificial zeitgebers with identical temporal protocols (steadily lengthening periods as indicated at right) and cycles of high-and low-intensity light at different levels (left, 300:30 iux; right, 3000:300 lux) without additional signals. Sleep-wake and body temperature rhythms are depicted following the same conventions as in Figure 3 . distant (weekly) intervals confirm these observations. For the experiment shown on the left-hand side of Figure 4 , the analysis of the four successive sections from all measured variables consistently results in highly reliable periods of 24.5 hr. For the experiment shown on the right, the analysis of all variables results in steadily lengthening periods during the first three sections (corresponding to the lengthening zeitgeber periods) and a highly reliable period of 25.0 hr during the last section.
To clarify a possible involvement of masking effects, the urinary melatonin (aMT6s) from the two experiments should be considered (Fig. 5 ). As shown in the left-hand diagram, neither sleep-wake rhythm nor melatonin ran in synchrony with the zeitgeber. On day 12, melatonin secretion did not show any indication of a zeitgeber effect (compare with Fig. 4 ). As shown in the right-hand diagram, sleepwake rhythm and melatonin ran in synchrony with the zeitgeber up to a period of 28 hr, 50 min, and subsequently showed a clear, internally synchronized free-run. The amount of the melatonin secreted decreased gradually as long as the rhythm stayed synchronized, and was restored to its original value immediately when the rhythm started to free-run. This experiment, therefore, confirms the suppression of melatonin secretion by a zeitgeber operating close to its entrainment limit (cf. Fig. 2 ). The diagrams of Figure 5 show, in addition, that both subjects frequently took naps. Periodogram analysis shows that these naps were not ordered according to any ultradian periodicity. The other lengthening studies and all shortening studies resulted in similar pictures. , FIGURE 5. Sleep episodes and urinary excretion of melatonin for the two experiments shown in Figure 4 . Successive zeitgeber cycles (normalized to 0° to 360°, independent of their actual length) are plotted underneath each other (for clarity, in addition, two cycles are plotted side by side). Conventions as in Figure 2 .
RESPONSE CURVES TO LIGHT
The experiments described above can in addition be analyzed to solve an apparently very different problem: the establishment of &dquo;response curves&dquo; to light. The existence of a &dquo;phase response curve&dquo; (i.e., a curve describing the amount of phase shift of a rhythm induced by a single stimulus as a function of the phase of the rhythm hit by the stimulus) is equivalent to the ability of the rhythm to become synchronized to the respective stimulus when give periodically (Wever, 1960) . Inseparable from a phase response curve is an &dquo;amplitude response curve&dquo; (Wever, 1965) , indicating alterations in the amplitude of the rhythm induced by the stimulus (in addition, these alterations in amplitude have a crucial influence on the transient behavior of the simultaneously induced phase shifts). A knowledge of responses to discrete stimuli is of practical relevance-for instance, with regard to shift work, jet lag, or the timing of light therapy. Response curves to light should enable one to predict the effects of light given at different times of the day on the phase and amplitude of circadian rhythms.
The classical way to establish a phase response curve is to give single light pulses under constant conditions, at intervals of about 10-20 days (Pittendrigh, 1965) . The only human data obtained according to this concept originate from Honma et al. (1987b) , who found advancing phase shifts of free-running rhythms after bright-light pulses given in the &dquo;morning.&dquo; However, they did not find delaying phase shifts after bright-light pulses given in the &dquo;evening,&dquo; although the same stimulus when given periodically is able to synchronize the rhythm to zeitgeber periods that are both longer than and shorter than the free-running period (cf. &dquo;The Bright-Light Zeitgeber&dquo; and &dquo;Separation of a Direct Effect of Light,&dquo; above). Apart from the impracticability of establishing complete response curves in humans in this way within reasonable spans of time, the response curves generated in this manner do not supply the appropriate information necessary for applied purposes (e.g., jet lag). The reason for this is that all parameters (e.g., phase, amplitude, wave shape) of response curves reflect the state of the original rhythm. These parameters are different for rhythms under constant conditions and those under a 24-hr zeitgeber. Only the responses of synchronized rhythms are relevant to all applied situations. It is therefore preferable to generate the response curves directly under zeitgeber conditions. An established method of doing so is to make use of the phenomenon of relative coordination of rhythms just outside of the range of entrainment (Aschoff, 1965) . In this state, the regular zeitgeber stimulus hits the rhythm in each subsequent cycle at another phase, and each following cycle has a length and an amplitude that depend on the phase hit. Another advantage with this method is that a complete response curve can be generated in the course of a single experiment of a few weeks' duration.
Just within the limits of entrainment, another phenomenon can be observed-&dquo;relative entrainment.&dquo; At first glance this phenomenon seems similar to relative coordination, but it is in fact quite different. It involves synchronization only on the average (i.e., with periodically fluctuating phases and amplitudes). The response curves deduced from this state reduce to closed loops (Wever, 1972) ; that is, they do not show an unambiguous dependence of phase and amplitude on the phase of the rhythm hit by the zeitgeber, but also depend on the previous state or the &dquo;history&dquo; of the rhythm. The modulation period in the case of relative entrainment is, for geometric reasons, always close to seven circadian cycles (Wever, 1972) . This state, therefore, may simulate in special experiments the presence of a separate &dquo;circaweekly rhythm&dquo; (in fact, in none of the several hundred experiments that have been performed under constant conditions was any indication of an autonomous &dquo;circaweekly rhythm&dquo; detectable).
To illustrate the generation of response curves, it is useful to consider a special long-term experiment. This was performed with the bright-light zeitgeber and the fractional desynchronization technique (Fig. 6 ). The rhythm of body temperature started to free-run at a period close to 29 hr, showing well-marked relative coordination. After the zeitgeber period of 32 hr was reached, it was switched back to 28 hr, and subsequently, the temperature rhythm was caught within a few days running again in synchrony to the zeitgeber (and the sleep-wake rhythm). After 10 cycles with a constant 28-hr period, the zeitgeber-lengthening procedure was started again, using the same rate of change as before (15 min/cycle). Again, at about the same period as the first time, the temperature rhythm started to free-run, showing relative FIGURE 6. Relative coordination of the body temperature rhythm in a subject under the influence of an artificial zeitgeber consisting of absolute light-dark (3000:0.1 lux) and seven regular acoustic signals requesting the subject to micturate and carry out performance tests. The zeitgeber period was increased steadily during the first 32 days up to a period of 32.0 hr; it was held constant for another 10 days at a period of 28.0 hr, and then steadily lengthened again. The temporal positions of the sleep episodes (bars) and the acrophases of the rhythm of body temperature (black dots) are shown as functions of local time (abscissa). Successive cycles are plotted underneath each other (for clarity, five cycles each are plotted side by side). The ordinate represents the sequence of successive days.
coordination. In addition to the results of the previous experiments, this experiment shows that (1) a separated free-running rhythm of body temperature can be caught again by a zeitgeber, and (2) the breakoff of the temperature rhythm from the zeitgeber (and the sleep-wake rhythm) at a certain period is reproducible. The experiment further demonstrates a free-run of the temperature rhythm with clearly marked relative coordination over such a long time that it supplies many data points for the construction of response curves. Early in this experiment, before the final escape from the zeitgeber (around days 8-12 ), the temperature rhythm shows for one cycle the phenomenon of relative entrainment.
The phase and amplitude response curves deduced from the experiment shown in Figure 6 are each related to the midpoint of the light phase as presented in Figure  7 . The data points are connected in the sequence of the measurements. At the beginning, every response curve passes through a closed loop, which is typical for relative entrainment (cf. Fig. 6 ). Thereafter, the five waves of relative coordination (four occurrences before and one occurrence after the temporary catching of the FIGURE 7. Phase (or period) and amplitude response curves of the rhythm of body temperature as derived from the experiment shown in Figure 6 . Plotted in the upper diagram are the lengths of temperature cycles (left ordinate) following the light phase, the temporal position of which, relative to the temperature cycle, is used as the abscissa; the right ordinate indicates phase shifts of these cycles relative to the free-running period as determined by a periodogram analysis. In the lower diagram, amplitudes of the same temperature cycles are plotted. Data of successive cycles are connected by lines. The uppermost curve shows schematically the course of the temperature cycle, with indications of local time at which the temperature phases occur roughly in the natural 24-hr day. rhythm) result in highly reproducible response curves. The phase response curves shown in Figure 7 are nearly symmetrical with respect to advancing and delaying phase shifts relative to the free-running period, corresponding to the symmetric position of the range of entrainment around the free-running period (cf. &dquo;The Bright-Light Zeitgeber,&dquo; above). The shape of the response curves indicates that a maximal advance of the temperature rhythm was found when bright light was given around the temperature minimum (in the 24-hr day this would be very early in the morning), and a maximal delay occurred when bright light was given on the descending phase of the temperature cycle (i.e., between late evening and midnight). The amplitude response curve in Figure 7 shows that the amplitude of the temperature rhythm is most enlarged by bright light given around the temperature maximum, and most reduced by bright light given around the temperature minimum.
Phase and amplitude response curves when measured with the normal-light zeitgeber (-~=300 lux) are similar to the curves shown in Figure 7 ; they have smaller amplitudes and, correspondingly, more sinusoidal shapes. They also are arranged symmetrically around the free-running period. It must be emphasized that the effective stimulus with such a zeitgeber is not light but social contact (as discussed earlier; cf. &dquo;Entrainment by Information,&dquo; above). This means that the relevant stimulus in these response curves is not light but social contact (as in the animal phase response curves presented by Mrosovsky, 1988) . Response curves of human circadian rhythms, therefore, appear to be independent of the modality of the stimulus; their amplitudes, however, depend on the strength of the stimulus (as determined, for instance, by the range of entrainment. ' 
ENTRAINMENT BY MELATONIN
The hormone melatonin, which is secreted not only by the pineal gland but also in the retina, has often been considered to be involved in the generation of circadian rhythmicity and its control by light. In this respect, it is interesting that two aspects of light intensity-one for the suppression of melatonin secretion from the pineal (Lewy et al., 1980) , and the other as an effective zeitgeber in circadian rhythmicity (see above)&horbar;have equally high thresholds in humans at approximately 2500 lux. Therefore, one could hypothesize that the effect of bright light on human circadian rhythms is directly mediated by melatonin. This hypothesis was tested in experiments where melatonin (5 mg per cycle) was administered to subjects about 1 hr before they went to sleep. In an experimental series, the technique of fractional desynchronization was again used, with normal illumination (300 lux) during the light phase. In order to avoid possible indirect (behavioral) and hence unspecified effects of melatonin (due to its possible sedative operation), which have recently been discussed by Mrosovsky and Salmon (1987) , only lengthening but no shortening studies were performed (every effective zeitgeber operates in humans equivalently in both directions).
The results of the melatonin experiments did not differ in any respect from the results of corresponding experiments without melatonin administration (Wever, 1986) . The upper limit of entrainment of physiological rhythms (e.g., body temper-ature or urinary cortisol) was always close to 27 hr, as it would have been without the melatonin administration. Only the urinary melatonin reflected the melatonin administration, and hence ran in synchrony to the zeitgeber and sleep-wake cycle during the entire experiment (endogenous melatonin, which is estimated to be only about 1% of the exogenous melatonin, could not be separated in the analyses). Therefore, melatonin administration did not strengthen the overall zeitgeber effectiveness, and hence does not seem to have independent zeitgeber properties. This means that the coincidence in the thresholds of light intensities, for suppression of melatonin secretion from the pineal and with respect to the effectiveness on circadian rhythmicity, is unlikely to be based functionally on direct interdependence.
PHASE SHIFTS OF THE ZEITGEBER
Another way of determining the (relative) strength of a zeitgeber is to measure the rate of re-entrainment after a specified phase shift of the zeitgeber. Unlike the method based on the range of entrainment, this method can also be applied in the 24-hr day. Its advantage is that it allows one to compare the strength of artificial zeitgebers with that of the natural zeitgeber. In addition, results of phase-shift experiments can be of practical relevance (e.g., for understanding the mechanisms underlying disturbed circadian rhythms in shift work, jet lag, and psychopathology). In one experimental series, a relative light-dark cycle (approximately 300:0.1 lux), with seven acoustic signals requesting the subjects to micturate and do performance tests, was used. In these experiments the phase of the artificial 24-hr day was shifted, simulating successively a 6-hr eastward shift and, approximately 2 weeks later, a 6-hr westward shift (Wever, 1980) . The subjects were not aware of the shifts, and therefore re-entrainment was not confounded by differential behavioral impulses or by different amounts of sleep deprivation, as in most real transmeridian flights (behavioral stress as well as sleep deprivation has been shown to delay the rhythms; Wever, 1979a) .
In general, re-entrainment was faster after the &dquo;eastward&dquo; than after the &dquo;westward&dquo; shift. Further, the smaller the initial amplitude of the temperature rhythm, the faster the re-entrainment (Wever, 1980) . Since there is a positive correlation between temperature amplitude and sleep length (Wever, 1986) , this means that re-entrainment was faster when the subject normally had a shorter sleep phase. Moreover, the subjective feeling of jet lag was generally stronger after the &dquo;eastward&dquo; than after the &dquo;westward&dquo; shift. Also, the earlier the initial phase of the temperature rhythm in the subject (i.e., the more the subject tended to be a &dquo;morning type&dquo; rather than an &dquo;evening type&dquo;), the greater the jet lag (Wever, 1980) . None of these facts can be attributed to masking effects; they remain valid after artificial &dquo;demasking&dquo; of the original data (Wever, 1985a) . On average, the rate of reentrainment under the artificial zeitgeber used in these experiments was similar to that after real transmeridian flights over six time zones (Aschoff et al., 1975) . It has been shown elsewhere that the correlation between re-entrainment rate and relative zeitgeber strength is applicable to these special experiments (Wever, 1980) ; consequently, the artificial zeitgeber used here (normal-intensity artificial light-dark plus signals) had about the same strength as the natural zeitgeber. One may conclude, therefore, that the bright-light zeitgeber, as applied in special experiments (see discussion above), is considerably stronger than the zeitgeber to which one is commonly exposed under natural conditions. As a next step, the strengths of the normal-light and the bright-light zeitgeber were compared using the same method. Subjects were exposed to a 24-hr normallight zeitgeber (relative light-dark of 300:0.1 lux with the seven acoustic signals) for 15 days, and to a 24-hr bright-light zeitgeber (3000:0.1 lux) for another 15 days in the same experiment. After 5 days in each condition, a 6-hr phase-delay shift was given (by lengthening a dark phase), so that 10 days were available to study reentrainment. Re-entrainment was considerably faster under the bright-light than under the normal-light zeitgeber. This result indicated again that a bright-light zeitgeber is stronger than a normal-light zeitgeber. The practical implications of the result of these time-shift experiments have been discussed elsewhere (Wever, 1985b) .
In a final attempt to ascertain the possible zeitgeber effectiveness of melatonin administration, subjects were exposed to a 24-hr zeitgeber with two successive 6-hr shifts, using the same temporal protocol as discussed above. In this case, however, the light-dark alternation was the same in both conditions (300:0.1 lux), and the subjects were given a placebo in one condition and 5 mg melatonin in the other condition (again, about 1 hr before going to sleep in both cases). Prior to experimentation, the subjects were told that they would receive melatonin during the entire experiment. To avoid possible interference with unspecific arousal effects (see &dquo;Entrainment by Melatonin,&dquo; above), only delaying phase shifts were given. The results of these experiments was that re-entrainment rates did not differ between the two conditions. This confirms the conclusion that the administration of melatonin (when applied in this way) had no separate and independent zeitgeber effectiveness (Wever, 1986) . The results of the phase-shift experiments can be rated as objective, because none of the subjects were aware of the shifts. Therefore, they are not confounded by any cognitive component, and the amount of sleep was identical in both conditions. Moreover, after being confronted at the end of the experiment with the fact that they received melatonin only during half the experiment and placebo during the other half, none of the subjects felt able to decide in which condition they received melatonin, even after having carefully studied their personal diaries.
S UMMAR Y OF ZEITGEBER EFFECTS
These experiments show that the &dquo;bright-light zeitgeber&dquo; is in fact the strongest zeitgeber in human circadian rhythmicity demonstrated to date. However, it is effective only if the light is bright enough (intensity > 2500 lux), and if the subjects are exposed to the bright light for a sufficiently long time. Preliminary experiments have shown that 3 hr of bright light per day are insufficient . Experiments in progress suggest that only 6 hr of bright light may constitute a zeitgeber strong enough to entrain human circadian rhythms (with a free-running period close to 25 hr) to the 24-hr day. These experiments are being performed under realistic conditions; that is, the subjects pursue their normal activities in the whole bright-light room, and they do not sit immediately in front of a light bank during the bright-light time. In modem societies, it is a rare exception to normal conditions when humans are exposed for at least 6 hr per day to bright natural outdoor illumination. Indoors, a sufficient level of light intensity is rarely reached, either by natural or by normal artificial illumination. The most relevant zeitgeber in humans, therefore, is of a social or behavioral nature. This is true in spite of the fact that the social zeitgeber is not the strongest one; it is true, rather, because it is ubiquitous (in contrast to the &dquo;bright-light zeitgeber&dquo;), with only rare exceptions.
The results obtained with different zeitgeber modalities also lead to conclusions on the superposition of zeitgebers. A pure &dquo;normal-light zeitgeber&dquo; has negligible strength (range of entrainment less than ±0.5 hr; Wever, 1974 ). The pure &dquo;brightlight zeitgeber,&dquo; on the other hand, has a strength corresponding to a range of entrainment of about ±4 hr. The pure &dquo;behavioral&dquo; or &dquo;information zeitgeber&dquo; has a strength corresponding to about ±2 hr. A combined zeitgeber consisting of a &dquo;normal-light&dquo; and an &dquo;information zeitgeber&dquo; has a strength corresponding to slightly more than ±2 hr. Finally, the combination of the &dquo;bright-light&dquo; with the &dquo;information zeitgeber&dquo; has a strength corresponding to about ±6 hr. This implies that the different zeitgeber modalities supplement each other in a more or less additive fashion. The only other effective zeitgeber in man is that produced by weak electric (alternating current) fields, mentioned above (see &dquo;Effects of Nonphotic Stimuli on Free-Running Rhythms,&dquo; above). This &dquo;field zeitgeber&dquo; has a range of entrainment of about ± 1 hr (Wever, 1985c) . Combinations of the field zeitgeber and one of the other relevant zeitgebers remain to be assessed.
The additive superposition of diverse zeitgeber modes has practical implications. It yields quantitative predictions on the degree to which insufficient zeitgebers (e.g., poor social contacts in old or ill patients) might be replaced or supplemented by effective zeitgebers (e.g., bright light), in order to avoid or restore rhythm disorders. Finally, the result of the additive superposition of various stimuli may have theoretical implications. It encourages speculations on a joint input of all these stimuli into the fundamental pacemakers. As a general principle of the multioscillator concept (Wever, 1975a) , the different pacemakers involved in this system are qualitatively identical (and only quantitatively different); that is, they follow the same internal regularities and are controlled equivalently by the same external stimuli (Wever, 1988) . Appropriate investigations in search of the final stimulus directly controlling the pacemakers are in progress (Wever, 1985c) .
